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(57) ABSTRACT

A display device includes a display panel including a
plurality of pixels respectively connected to a plurality of
data lines and a plurality of scan lines, a data driving circuit
for driving the plurality of data lines, a scan driving circuit
for driving the plurality of scan lines, and a driving control-
ler for receiving a control signal and an 1mage signal and
controlling the data driving circuit and the scan driving
circuit such that an 1mage 1s displayed on the display panel.
The driving controller identifies a first region and a second
region of an 1mage to be displayed on the display panel
based on the image signal and provides the data driving
circuit with an 1mage data signal obtained by compensating
for the 1mage signal to be provided to pixels adjacent to the
second region among pixels corresponding to the first region
as a compensation value.
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DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority from and the benefit of
Korean Patent Application No. 10-2021-0086252, filed on
Jul. 1, 2021, which 1s hereby incorporated by reference for
all purposes as 1f fully set forth herein.

BACKGROUND

Field

Embodiments of the mvention relate generally to a dis-
play device and more specifically, to a display device with
a compensation circuit for compensating for image data
according to degradation of pixels thereof.

Discussion of the Background

In general, a display device includes a display panel for
displaying an image and a drniving circuit for driving the
display panel. The display panel includes a plurality of scan
lines, a plurality of data lines, and a plurality of pixels. The
driving circuit includes a data driving circuit for outputting
a data driving signal to the data lines, a scan driving circuit
for outputting a scan signal for driving the scan lines, and a
driving controller for controlling the data driving circuit and
the scan driving circuit.

Such a display device may output a scan signal to a scan
line connected to a pixel to be displayed and may provide a
data line connected to the pixel with a data voltage corre-
sponding to a display image to display an image.

The above mnformation disclosed in this Background
section 1s only for understanding of the background of the
inventive concepts, and, therefore, 1t may contain informa-
tion that does not constitute prior art.

SUMMARY

Display devices constructed according to the principles of
the 1nvention are capable of improving display quality by
compensating for image data according to degradation of
pixels of the display devices.

Additional features of the mventive concepts will be set
forth 1n the description which follows, and 1n part will be
apparent from the description, or may be learned by practice
of the mventive concepts.

According to an aspect of the mnvention, a display device
includes a display panel including a plurality of pixels and
a driving circuit that receives an 1image signal and provides
a data signal to the plurality of pixels such that an image 1s
displayed on the display panel. The driving circuit includes
a stress map generator that divides the 1mage signal into a
plurality of blocks and generates a stress map including a
representative value of each of the plurality of blocks, a
compensation value calculator that calculates a compensa-
tion value corresponding to each of the plurality of pixels
based on the stress map, and a compensator that outputs the
data signal obtained by compensating the 1image signal based
on the compensation value, when a gray scale level of the
image signal 1s less than or equal to a reference gray scale
level.

The stress map may include a first representative value of
a first block among the plurality of blocks and a second
representative value of a second block adjacent to the first
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block. The compensation value of a target pixel in the
second block may be calculated by interpolation calculation
using the first representative value and the second represen-
tative value.

The first representative value of the first block may be a
compensation value of a first central pixel located at a center
of the first block. The second representative value of the
second block may be a compensation value of a second
central pixel located at a center of the second block.

The compensation value of the target pixel may be
calculated by the first representative value, the second
representative value, a distance between the first central
pixel and the target pixel, and a distance between the second
central pixel and the first central pixel.

A compensation value of each of pixels between the first
central pixel and the second central pixel may gradually
decrease as moving from the second central pixel from the
first central pixel, when the first representative value 1s
greater than the second representative value.

The stress map generator may be configured to generate
the stress map including a first representative value of a first
block among the plurality of blocks and a second represen-
tative value of a second block adjacent to the first block. The
compensation value calculator may be configured to calcu-
late the compensation value of a target pixel 1in the second
block by interpolation calculation using the first represen-
tative value and the second representative value.

The plurality of pixels may include first color subpixels,
second color subpixels, and third color subpixels. A com-
pensation value corresponding to each of the first color
subpixels, the second color subpixels, and the third color
subpixels may be set to a representative value of a first
block, when the 1mage signal corresponding to each of first
color subpixels and second color subpixels 1n the first block
among the plurality of blocks corresponds to a maximum
gray scale level and when the 1image signal corresponding to
cach of the third color subpixels corresponds to a minimum
gray scale level.

The compensator may be configured to compensate for
the 1mage signal corresponding to each of the third color
subpixels as the compensation value.

Each of the plurality of blocks may correspond to AxB
pixels, where each of A and B 1s a natural number.

The representative value of each of the plurality of blocks
may be an arithmetic mean of 1mage signals corresponding
to the AxB pixels.

Each of the plurality of pixels may include a first tran-
sistor including a first electrode for receiving a first driving
voltage, a second electrode, and a gate electrode, a light
emitting diode including a first electrode electrically con-
nected to the second electrode of the first transistor and a
second electrode for receiving a second driving voltage, a
second transistor including a first electrode for receiving the
data signal, a second electrode electrically connected to the
gate electrode of the first transistor, and a gate electrode for
receiving a first scan signal, a third transistor including a first
clectrode for receiving an imtialization voltage, a second
clectrode electrically connected to the second electrode of
the first transistor, and a gate electrode for receiving a
second scan signal, and a capacitor connected between the
gate electrode of the first transistor and the second electrode
ol the first transistor.

The compensation value may be set to a value for com-
pensating for a change in threshold voltage of the first
transistor.

The driving circuit may include a data driving circuit that
drives a plurality of data lines connected to the plurality of
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pixels, a scan driving circuit that drives a plurality of scan
lines connected to the plurality of pixels, and a driving
controller that receives a control signal and the image signal
and controls the data dniving circuit and the scan driving
circuit.

According to another aspect of the invention, a display
device includes a display panel including a plurality of
pixels and a driving circuit that receives an image signal and
provide a data signal to the plurality of pixels such that an
image 1s displayed on the display panel. Each of the plurality
of pixels includes a light emitting diode and at least one
transistor for supplying current corresponding to the data
signal to the light emitting diode. The drniving circuit
includes a stress map generator that divides the image signal
into a plurality of blocks and generates a stress map 1nclud-
ing a representative value of each of the plurality of blocks,
a compensation value calculator that calculates a compen-
sation value corresponding to each of the plurality of pixels
based on the stress map, and a compensator that outputs the
data signal obtained by compensating the image signal such
that a change in threshold voltage of the at least one
transistor 1s compensated based on the compensation value,
when a gray scale level of the image signal 1s less than or
equal to a reference gray scale level.

The stress map may include a first representative value of
a first block among the plurality of blocks and a second
representative value of a second block adjacent to the first
block. The compensation value of a target pixel in the
second block may be calculated by interpolation calculation
using the first representative value and the second represen-
tative value.

The first representative value of the first block may be a
compensation value of a first central pixel located at a center
of the first block. The second representative value of the
second block may be a compensation value of a second
central pixel located at a center of the second block.

The compensation value of the target pixel may be
calculated by the first representative value, the second
representative value, a distance between the first central
pixel and the target pixel, and a distance between the second
central pixel and the first central pixel.

Each of the plurality of pixels may include a first tran-
sistor including a first electrode for receiving a first driving
voltage, a second electrode, and a gate electrode, a light
emitting diode including a first electrode electrically con-
nected to the second electrode of the first transistor and a
second electrode for receiving a second driving voltage, a
second transistor including a first electrode for recerving the
data signal, a second electrode electrically connected to the
gate electrode of the first transistor, and a gate electrode for
receiving a first scan signal, a third transistor including a first
clectrode for receiving an initialization voltage, a second
clectrode electrically connected to the second electrode of
the first transistor, and a gate electrode for receiving a
second scan signal, and a capacitor connected between the
gate electrode and the second electrode of the first transistor.

The compensator may be configured to output the data
signal obtained by compensating the 1mage signal such that
a change 1n the threshold voltage of the at least one transistor
1s compensated based on the compensation value, when the
gray scale level of the image signal 1s less than or equal to
the reference gray scale level.

Each of the plurality of blocks may correspond to AxB
pixels, where each of A and B is a natural number.

It 1s to be understood that both the foregoing general
description and the following detailed description are 1llus-
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4

trative and explanatory and are intended to provide further
explanation of the mvention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this specification, 1llustrate
illustrative embodiments of the invention, and together with
the description serve to explain the mventive concepts.

FIG. 1 illustrates a schematic diagram of an embodiment
of a display device constructed according to the principles of
the 1nvention.

FIG. 2 1s a schematic diagram of a driving controller of
the display device of FIG.

FIG. 3 1s an equivalent circuit diagram of a representative
pixel of a display panel of the display device of FIG. 1.

FIG. 4 1s a timing diagram illustrating an operation of the
pixel of FIG. 3.

FIG. 5 1s a drawing 1llustrating an image displayed on a
display device and a graph illustrating changes 1n threshold
voltages of pixels of the display panel of FIG. 1.

FIG. 6 1s a schematic diagram of an 1mage processor of
the driving controller of FIG. 2.

FIG. 7 1s a drawing illustrating an operation of a stress
map generator of the image processor of FIG. 6.

FIG. 8 1s a drawing 1llustrating an operation of a com-
pensation value calculator of the image processor of FIG. 6.

FIG. 9 1s a drawing illustrating an operation of calculating
compensation values for pixels 1in blocks by the compensa-
tion value calculator of the image processor of FIG. 6.

FIG. 10A illustrates an example of an 1image displayed on
a display device.

FIGS. 10B and 10C are drawings 1illustrating an image
data signal corresponding to a boundary region of the image
of FIG. 10A.

FIG. 11 1s a drawing illustrating an 1image displayed on a
display device and a graph illustrating changes 1n threshold
voltages of pixels of the display panel of FIG. 1.

FIG. 12 1llustrates an example of an image displayed on
a display device.

FIG. 13 1s a drawing 1llustrating an operation of a stress
map generator for the image of FIG. 12.

FIG. 14 1s a drawing illustrating the pixel of FIG. 13.

DETAILED DESCRIPTION

In the following description, for the purposes of expla-
nation, numerous specific details are set forth 1 order to
provide a thorough understanding of various embodiments
or implementations ol the invention. As used herein
“embodiments” and “implementations™ are interchangeable
words that are non-limiting examples of devices or methods
employing one or more of the inventive concepts disclosed
herein. It 1s apparent, however, that various embodiments
may be practiced without these specific details or with one
or more equivalent arrangements. In other istances, well-
known structures and devices are shown i block diagram
form in order to avoid unnecessarily obscuring various
embodiments. Further, various embodiments may be difler-
ent, but do not have to be exclusive. For example, specific
shapes, configurations, and characteristics of an embodi-
ment may be used or implemented in another embodiment
without departing from the inventive concepts.

Unless otherwise specified, the illustrated embodiments
are to be understood as providing illustrative features of
varying detail of some ways 1n which the inventive concepts
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may be immplemented 1n practice. Therefore, unless other-
wise specified, the features, components, modules, layers,
films, panels, regions, and/or aspects, etc. (hereinafter indi-
vidually or collectively referred to as “elements™), of the
various embodiments may be otherwise combined, sepa-
rated, interchanged, and/or rearranged without departing
from the mventive concepts.

The use of cross-hatching and/or shading in the accom-
panying drawings 1s generally provided to clarity boundaries
between adjacent elements. As such, neither the presence
nor the absence of cross-hatching or shading conveys or
indicates any preference or requirement for particular mate-
rials, material properties, dimensions, proportions, Common-
alities between 1llustrated elements, and/or any other char-
acteristic, attribute, property, etc., of the elements, unless
specified. Further, in the accompanying drawings, the size
and relative sizes of elements may be exaggerated for clarity
and/or descriptive purposes. When an embodiment may be
implemented differently, a specific process order may be
performed differently from the described order. For
example, two consecutively described processes may be
performed substantially at the same time or performed in an
order opposite to the described order. Also, like reference
numerals denote like elements.

When an element, such as a layer, 1s referred to as being
“on,” “connected to,” or “coupled to” another element or

on,
layer, 1t may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer 1s referred
to as bemg “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. To this end, the term
“connected” may refer to physical, electrical, and/or flmd
connection, with or without intervening elements. Further,
the DR1-axis, the DR2-axis, and the DR3-axis are not
limited to three axes of a rectangular coordinate system,
such as the x, y, and z-axes, and may be interpreted in a
broader sense. For example, the DR1-axis, the DR2-axis,
and the DR3-ax1s may be perpendicular to one another, or
may represent different directions that are not perpendicular
to one another. For the purposes of this disclosure, “at least
one of X, Y, and Z” and ““at least one selected from the group
consisting of X, Y, and Z” may be construed as X only, Y
only, Z only, or any combination of two or more of X, Y, and
7., such as, for instance, XYZ, XYY, YZ, and Z7. As used
herein, the term “and/or” includes any and all combinations
ol one or more of the associated listed items.

Although the terms “first,” “second,” etc. may be used
herein to describe various types of elements, these elements
should not be limited by these terms. These terms are used
to distinguish one element from another element. Thus, a
first element discussed below could be termed a second
clement without departing from the teachings of the disclo-
sure.

Spatially relative terms, such as “beneath,” “below,”
“under,” “lower,” “above,” “upper,” “over,” “higher,” “side”
(e.g., as 1n “‘sidewall”), and the like, may be used herein for
descriptive purposes, and, thereby, to describe one elements
relationship to another element(s) as illustrated in the draw-
ings. Spatially relative terms are intended to encompass
different orientations of an apparatus in use, operation,
and/or manufacture in addition to the orientation depicted 1n
the drawings. For example, i1 the apparatus in the drawings
1s turned over, elements described as “below” or “beneath”
other elements or features would then be oriented “above”
the other elements or features. Thus, the term “below” can
encompass both an orientation of above and below. Further-
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6

more, the apparatus may be otherwise oriented (e.g., rotated
90 degrees or at other orientations), and, as such, the
spatially relative descriptors used herein interpreted accord-
ingly.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments and 1s not intended to be limut-
ing. As used herein, the singular forms, “a,” “an,” and “the”
are mtended to iclude the plural forms as well, unless the
context clearly indicates otherwise. Moreover, the terms
“comprises,” “‘comprising,” “includes,” and/or “including,”
when used 1n this specification, specily the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. It 1s also noted that, as used herein, the terms
“substantially,” “about,” and other similar terms, are used as
terms of approximation and not as terms of degree, and, as
such, are utilized to account for inherent deviations in
measured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.

As customary in the field, some embodiments are
described and 1illustrated 1n the accompanying drawings in
terms ol functional blocks, units, and/or modules. Those
skilled 1n the art will appreciate that these blocks, units,
and/or modules are physically implemented by electronic (or
optical) circuits, such as logic circuits, discrete components,
microprocessors, hard-wired circuits, memory e¢lements,
wiring connections, and the like, which may be formed
using semiconductor-based fabrication techniques or other
manufacturing technologies. In the case of the blocks, units,
and/or modules being implemented by microprocessors or
other similar hardware, they may be programmed and con-
trolled using software (e.g., microcode) to perform various
functions discussed herein and may optionally be driven by
firmware and/or software. It 1s also contemplated that each
block, unit, and/or module may be implemented by dedi-
cated hardware, or as a combination of dedicated hardware
to perform some functions and a processor (€.g., one or more
programmed microprocessors and associated circuitry) to
perform other functions. Also, each block, unit, and/or
module of some embodiments may be physically separated
into two or more 1interacting and discrete blocks, units,
and/or modules without departing from the scope of the
inventive concepts. Further, the blocks, units, and/or mod-
ules of some embodiments may be physically combined into
more complex blocks, units, and/or modules without depart-
ing from the scope of the mventive concepts.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this disclosure 1s a part. Terms, such as those defined
in commonly used dictionaries, should be interpreted as
having a meaning that 1s consistent with their meaning in the
context of the relevant art and should not be iterpreted 1n
an 1dealized or overly formal sense, unless expressly so
defined herein.

Hereinafter, embodiments will be described with refer-
ence to the accompanying drawings.

FIG. 1 1s a block diagram of a display device according
to an embodiment.

Referring to FIG. 1, a display device DD may include a
display panel DP, a driving controller 100, a data driving
circuit 200, and a voltage generator 300.

The driving controller 100 may receive an 1mage signal
RGB and a control signal CTRL. The driving controller 100

may generate an image data signal DS by converting a data
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format of the image signal RGB into a data format that 1s
suitable or compatible with interface specifications of the
data driving circuit 200. The driving controller 100 may
output a scan control signal SCS and a data control signal
DCS. In an embodiment, the driving controller 100 may
output a voltage control signal VC corresponding to an
operation mode.

The data driving circuit 200 may receive the data control
signal DCS and the image data signal DS from the driving
controller 100. The data driving circuit 200 may convert the
image data signal DS into data signals and may output the
data signals to a plurality of data lines DL1 to DLm which
will be described below. The data signals may be analog
voltages corresponding to a gray scale level of the image
data signal DS.

The display panel DP may include first scan lines SCLL1
to SCLn, second scan lines SSL.1 to SSLn, data lines DIL.1 to
DLm, and pixels PX. The display panel DP may further
include a scan driving circuit SD. In an embodiment, the
scan driving circuit SD may be arranged at a first side of the
display panel DP. The first scan lines SCL1 to SCLn and the
second scan lines SSLL1 to SSLn may be extended in a first
direction DR1 from the scan driving circuit SD.

The driving controller 100, the data driving circuit 200,
and the scan driving circuit SD may be a driving circuit
which provides a data signal to the pixels PX of the display
panel DP.

The display panel DP may be divided into a display area
DA and a non-display area NDA. The pixels PX may be
disposed on the display area DA, and the scan driving circuit
SD may be disposed on the non-display areca NDA.

The first scan lines SCL1 to SCLn and the second scan
lines SSL1 to SSLn may be arranged spaced apart from each
other in a second direction DR2. The data lines DL1 to DLm
may be extended in a direction opposite to the second
direction DR2 from the data driving circuit 200 and may be
arranged spaced apart from each other in the first direction
DR1.

The plurality of pixels PX may be respectively and
clectrically connected to the first scan lines SCL1 to SCLn,
the second scan lines SSL.1 to SSLn, and the data lines DIL.1
to DLm. For example, the pixels of a first row may be
connected to the scan lines SCL.1 and SSL.1. Furthermore,
the pixels of a second row may be connected to the scan lines
SCL2 and SSL2.

Each of the plurality of pixels PX may include a light
emitting diode ED (retfer to FIG. 3) and a pixel circuit PXC
(refer to FIG. 3) for controlling light emission of the light
emitting diode ED. The pixel circuit PXC may include a
plurality of transistors and a capacitor. The scan driving
circuit SD may include transistors formed by the same
process as forming the pixel circuit PXC.

Each of the plurality of pixels PX may receive a first
driving voltage ELVDD, a second driving voltage ELVSS,
and an 1mitialization voltage VINT.

The scan driving circuit SD may receive a scan control
signal SCS from the driving controller 100. The scan driving
circuit SD may output first scan signals to the first scan lines
SCL1 to SCLn and may output second scan signals to the
second scan lines SSLL1 to SSLn, 1n response to the scan
control signal SCS. A circuit configuration and an operation
of the scan driving circuit SD will be described in detail
below.

In an embodiment, the scan driving circuit SD may be
disposed at the first side of the display area DA, and
embodiments are not limited thereto. In an embodiment, the
scan driving circuit SD may be respectively disposed at the
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first side and a second side of the display area DA. For
example, the scan driving circuit disposed at the first side of
the display area DA may provide the first scan signals to the
first scan lines SCL1 to SCLn, and the scan driving circuit
disposed at the second side of the display area DA may
provide the second scan signals to the second scan lines
SSL1 to SSLn.

The voltage generator 300 may generate voltages neces-
sary for an operation of the display panel DP. In an embodi-
ment, the voltage generator 300 may generate the first
driving voltage ELVDD, the second driving voltage ELVSS,
and the imitialization voltage VIN'T, which are necessary for
an operation of the display panel DP. The voltage generator
300 may further generate various voltages necessary for
operations of the display panel DP and the scan driving
circuit SD as well as the first dnving voltage ELVDD, the
second driving voltage ELVSS, and the initialization voltage
VINT.

FIG. 2 1s a block diagram of a driving controller according,
to an embodiment.

As shown 1n FIG. 2, a dniving controller 100 may include
an 1mage processor 112 and a control signal generator 114.

The image processor 112 may output an image data signal
DS in response to an image signal RGB and a control signal
CTRL.

The control signal generator 114 may output a data
control signal DCS and a scan control signal SCS 1n
response to the image signal RGB and the control signal
CTRL.

FIG. 3 1s an equivalent circuit diagram of a representative
pixel according to an embodiment.

FIG. 3 1llustrates an equivalent circuit diagram of a pixel
PX1; connected to an 1-th data line DL1 among data lines
DL1 to DLm shown in FIG. 1, a j-th first scan line SCL;
among first scan lines SCL1 to SCLn, and a j-th second scan
line SSLj among second scan lines SSLL1 to SSLn.

Each of a plurality of pixels PX shown 1n FIG. 1 may have
the same circuit configuration as the equivalent circuit
diagram shown 1n FIG. 3. In an embodiment, the pixel PXi;
may include at least one light emitting diode ED and a pixel
circuit PXC.

The pixel circuit PXC may include at least one transistor,
which 1s electrically connected to the light emitting diode
ED and supplies current corresponding to a data signal i
transmitted from a data line DLi1 to the light emitting diode
ED. In an embodiment, the pixel circuit PXC of the pixel
PXi; may 1nclude a first transistor 11, a second transistor 12,
a thard transistor T3, and a capacitor Cst. Each of the first,
second, and third transistors T1, T2, and T3 may be an
N-type transistor which has an oxide semiconductor as a
semiconductor layer. However, embodiments are not limited
thereto, and each of the first, second, and third transistors T1,
12, and T3 may be a P-type transistor with a low-tempera-
ture polycrystalline silicon (LTPS) semiconductor layer. In
an embodiment, at least one of the first, second, and third
transistors 11, T2, and T3 may be the N-type transistor, and
the remaining ones may be the P-type transistor. Further-
more, embodiments are not limited to the circuit configu-
ration of the pixel in FIG. 3. The pixel circuit PXC of FIG.
3 1s merely 1illustrative, and the configuration of the pixel
circuit PXC may be modified and implemented.

Referring to FIG. 3, the first scan line SCLj may transmit
a first scan signal SCj, and the second scan line SSLj may
transmit a second scan signal SS;. A data line DLi1 may
transmit a data signal Di. The data signal D1 may have a
voltage level corresponding to an 1image signal RGB, which
1s 1input to a display device DD (refer to FIG. 1).
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A display panel DP of FIG. 1 may include first, second,
and third voltage lines VL1, VL2, and VL3. The first voltage
line VL1 and the third voltage line VL3 may transmit a {irst
driving voltage ELVDD and an 1nitialization voltage VINT
to the pixel circuit PXC, and the second voltage line VL2
may transmit a second driving voltage ELVSS to a cathode
(e.g., a second terminal) of the light emitting diode ED. The
third voltage VL3 may be an mnitialization voltage line which
transmits the mitialization voltage VINT to the pixel circuit
PXC.

The first transistor T1 may include a first electrode (e.g.,
a drain electrode) connected to the first voltage line VL1, a
second electrode (e.g., a source electrode) electrically con-
nected to an anode (e.g., a first terminal) of the light emitting,
diode ED, and a gate electrode connected to one end of the
capacitor Cst. The first transistor T1 may supply a driving
current to the light emitting diode ED 1n response to the data
signal D1 transmitted by the data line DL1 according to a
switching operation of the second transistor T2.

The second transistor T2 may include a first electrode
connected to the data line DL.1, a second electrode connected
to the gate electrode of the first transistor T1, and a gate
clectrode connected to the first scan line SCLj. When the
second transistor T2 1s turned on according to the first scan
signal SCj transmitted through the first scan line SCLy, the
second transistor T2 may transmit the data signal D1, which
1s transmitted from the data line DL1, to the gate electrode
of the first transistor T1.

The third transistor T3 may include a first electrode
connected to the third voltage line VL3, a second electrode
connected to the anode of the light emitting diode ED, and
a gate electrode connected to the second scan line SSL;.
When the third transistor T3 1s turned on according to the
second scan signal SSj transmitted through the second scan
line SSLj, the third transistor T3 may transmit the initial-
ization voltage VINT to the anode of the light emitting diode
ED.

As described above, one end of the capacitor Cst may be
connected to the gate electrode of the first transistor 11, and
the other end may be connected to the second electrode of
the first transistor T1. The structure of the pixel PXij
according to an embodiment 1s not limited to the structure
shown 1n FIG. 3, the number of transistors, the number of
capacitors, and a connection structure, which are included 1n
the one pixel PXij, may be modified 1n various manners.

FIG. 4 1s a drawing illustrating first scan signals and
second scan signals.

Referring to FIGS. 3 and 4, a scan driving circuit SD may
respectively and sequentially enable first scan signals SC1 -
SCn and second scan signals SS1-SSn as a high voltage
(e.g., gate-on voltage or turn-on voltage) during one frame
F

It 1s shown 1n FIG. 4 that signals corresponding to each
other among the first scan signals SC1-SCn and the second
scan signals SS1-SSn are enabled at the same time, but
embodiments are not limited thereto. For example, after the
second scan signal SS1 1s firstly enabled, the first scan signal
SC1 may be enabled. After the second scan signal SS2 1s
firstly enabled, the first scan signal SC2 may be enabled.

When the second scan signal SSj 1s transitioned to a high
voltage, as the third transistor T3 i1s turned on, the nitial-
ization voltage VINT may be transmitted to an anode of a
light emitting diode ED. The imitialization voltage VINT
may be, e.g., 2 V. The light emitting diode ED may be
initialized to the mitialization voltage VINT.

When the first scan signal SCj 1s transitioned to the high
voltage, as the second transistor 12 i1s turned on, the data
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signal D1 may be transmitted to a gate electrode of a first
transistor T1. The first transistor T1 may be turned on by the
data signal Di, and a dniving current corresponding to a
gate-source voltage of the first transistor T1 may be supplied
to the anode of the light emitting diode ED. In other words,
a driving current corresponding to a diflerence between the
data signal D1 provided to the gate electrode of the first
transistor 11 and the initialization voltage VINT may be
supplied to the anode of the light emitting diode ED.

The data signal D1 and the mitialization voltage VINT
may be provided to both ends of a capacitor Cst. Therelore,
as each of the first scan signal SCq and the second scan signal
SS1 1s transitioned to a low voltage, although the second
transistor T2 and the third transistor T3 are turned off, the
gate-source voltage of the first transistor T1 may be main-
tamned at a constant level and a driving current may be
supplied to the light emitting diode ED.

The data signal D1 provided from a data driving circuit
200 may have a mimimum gray scale voltage level (e.g.,
about 1 V) for a black image. For example, when the
initialization voltage VINT 1s about 2 V, after the second
transistor T2 and the third transistor T3 are turned on, the
gate-source voltage Vgs of the first transistor T1 may be
about —1 V. Because the gate-source voltage Vgs of the first
transistor 11 1s lower than a threshold voltage Vth, the first
transistor 11 may be sufliciently turned oif and the light
emitting diode ED may display a black color image.

FIG. 5 1s a drawing illustrating an image displayed on a
display device and changes 1n threshold voltages of pixels.

On a graph shown 1n FIG. 5, the horizontal axis indicates
the X-coordinate of the pixel 1n a first direction DR1 (refer
to FIG. 1) and the vertical axis indicates the threshold
voltage Vth of the pixel.

Referring to FIGS. 3 and 5, an image IM1 displayed on a
display device DD (refer to FIG. 1) may include a first
region R1 and a second region R2. The second region R2
may be in the form of a rectangle, and the first region R1
may be 1n the form of surrounding the second region R2. The
first region R1 may display a black color image. The second
region R2 may display a white color image. In an embodi-
ment, the second region R2 may be a red region which
displays an 1mage where a red color has a maximum gray
scale level (e.g., the highest gray scale level) and where each
ol a green color and a blue color has a minimum gray scale
level (e.g., the lowest gray scale level). In an embodiment,
the second region R2 may be a green region which displays
an 1mage where the green color has the maximum gray scale
level and where each of the red color and the blue color has
the minimum gray scale level. In an embodiment, the second
region R2 may be a blue region which displays an image
where the blue color has the maximum gray scale level and
where each of the red color and the green color has the
minimum gray scale level. In other words, the second region
R2 may be a region which displays an image where one of
the red color, the green color, and the blue color has the
maximum gray scale level and where the two other colors
have the minimum gray scale level.

A first curve C1 indicates a change 1n threshold voltage
Vth of a first transistor T1 1n pixels PX at a time when the
image IM1 starts to be displayed on the display device DD.

A second curve C2 indicates a change 1n threshold voltage
Vth of the first transistor T1 1n the pixels PX when a certain
time (e.g., 30 hours) elapses after the image IM1 1s displayed
on the display device DD.

Because the pixels PX of the first region R1 display a
black color 1mage, a gate-source voltage Vgs of the first
transistor 11 1n the pixels PX of the first region R1 may be,
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as described above, 1n a level (e.g., -1 V) lower than the
threshold voltage Vth to be a negative bias.

Particularly, as the first transistor T1 in the pixels PX
adjacent to the second region R2 in the first region R1
absorbs light output from the second region R2, there may
be occur a phenomenon where the threshold voltage Vth 1s
shifted to a negative. As an example, like the second curve
C2, the threshold voltage Vth of the first transistor T1 1n the
pixels PX adjacent to the second region R2 1n the first region
R1 may be decreased by about 125 mV. For example, the
threshold voltage Vth of the first transistor T1 may be
negatively shifted by about 125 mV by applying the negative
bias (e.g., about -1 V) to the first transistor T1.

On the other hand, the gate-source voltage Vgs of the first
transistor T1 in the pixels PX of the second region R2 may
have a level higher than the threshold voltage Vth to be a
positive bias. Due to a positive bias stress, the threshold
voltage Vth of the first transistor 11 1n the pixels PX of the
second region R2 may be positively shifted. As an example,
like the second curve C2, the threshold voltage Vth of the
first transistor 11 in the pixels PX of the second region R2
may be increased by about 22 mV. For example, the thresh-
old voltage Vth of the first transistor T1 may be positively
shifted by about 22 mV by applying the positive bias to the
first transistor T1.

When the data signal D1 of the same gray scale level 1s
provided to the pixels PX of the first region R1 and the pixels
PX of the second region R2 in a state where the threshold
voltage Vth of the first transistor T1 in the pixels PX of the
first region R1 1s negatively shifted and where the threshold
voltage Vth of the first transistor 11 1n the pixels PX of the
second region R2 1s positively shifted, luminance of pixels
at a location adjacent to the second region R2 among pixels
of the first region R1 may be enhanced. Such an afterimage
phenomenon may result 1n poor display quality.

FIG. 6 1s a block diagram of an 1image processor according,
to an embodiment.

Referring to FIG. 6, an image processor 112 may include
a stress map generator 210, a compensation value calculator
220, and a compensator 230.

The stress map generator 210 may receive an 1mage signal
RGB and may generate a stress map MP for the image signal
RGB of one frame.

The compensation value calculator 220 may calculate a
compensation value CV corresponding to each of pixels
based on the stress map MP and may output the calculated
compensation value CV.

The compensator 230 may output an image data signal DS
obtained by compensating for the image signal RGB accord-
ing to the compensation value CV corresponding to each of
the pixels. The image data signal DS may be provided to a
data driving circuit 200 of FIG. 1.

The 1mage processor 112 may further include a convertor
for converting an 1mage signal RGB including red, green,
and blue color signals mto an HSV signal including hue,
saturation, and luminance signals. The 1image processor 112
may provide the stress map generator 210 with the HSV
signal converted by the convertor. In this case, because the
signal output from the compensator 230 1s the HSV signal
including the hue, saturation, and luminance signals, the
image processor 112 may further need an inverse convertor
for mversely converting the HSV signal 1into an image data
signal DS including red, green, and blue color signals.

FIG. 7 1s a drawing illustrating an operation of a stress
map generator 210.

Referring to FIGS. 6 and 7, the stress map generator 210
may divide an image signal RGB of one frame into a
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plurality of blocks. In an example shown 1n FIG. 7, the stress
map generator 210 may divide the image signal RGB mto

7x5 (1.e., 35) blocks BK11 to BK17, BK21 to BK27, BK31
to BK37, BK41 to BK47, and BKS1 to BKS7. For example,
each of the blocks BK11 to BK17, BK21 to BK27, BK31 to
BK37, BK41 to BK47, and BK31 to BKS7 may correspond
to AxB pixels (where each of A and B 1s a natural number).
For example, each of blocks BK11 to BK17, BK21 to BK27,
BK31 to BK37, BK41 to BK47, and BK51 to BK57 may
correspond to 32x32 pixels. In other words, one block may
include 1mage signals corresponding to 32x32 pixels.

In the example shown 1n FIG. 7, when one block corre-
sponds to the 32x32 pixels, the blocks BK11 to BK17, BK21
to BK27, BK31 to BK37, BK41 to BK47, and BKS51 to
BKS7 may correspond to 244x160 pixels.

The number of blocks shown 1n FIG. 7 and the size of
cach block (i.e., the number of pixels corresponding to each
block) are merely an example provided for convenience of
description, and embodiments are not limited to the example
shown 1 FIG. 7.

The stress map generator 210 may calculate a represen-
tative value of each of the blocks BK11 to BK17, BK21 to
BK27, BK31 to BK37, BK41 to BK47, and BK51 to BK57
of the image signal RGB. For example, the representative
value of each of the blocks BK11 to BK17, BK21 to BK27,
BK31 to BK37, BK41 to BK47, and BKS51 to BK57 may be
one of values capable of representing the block, for example,
an arithmetic mean, a median, a mode, and the like of 1mage
signals 1n the block. In an embodiment, the stress map
generator 210 may calculate an arithmetic mean of image

signals 1n each of the blocks BK11 to BK17, BK21 to BK27,
BK31 to BK37, BK41 to BK47, and BK31 to BK57 and may
set the calculated result to a representative value. A stress
map MP output from the stress map generator 210 may
include a representative value of each of the blocks BK11 to

BK17, BK21 to BK27, BK31 to BK37, BK41 to BK47, and
BK51 to BKS7.
FIG. 8 1s a drawing 1llustrating an operation of a com-

pensation value calculator 220.
FIG. 8 illustrates some BK11, BK12, BK21, and BK22 of

blocks BK11 to BK17, BK21 to BK27, BK31 to BK37,
BK41 to BK47, and BK51 to BKS7 shown 1n FIG. 7. The
blocks BK11, BK12, BK21, and BK22 may have represen-
tative values V11, V12, V21, and V22 calculated by a stress
map generator 210, respectively. Each of the representative
values V11, V12, V21, and V22 may be a compensation
value CV of a central pixel located at the center of a
corresponding block among the blocks BK11, BK12, BK21,
and BK22. In other words, the representative value V11 may
be a compensation value CV of a first central pixel CP1
located at the coordinate (16, 16) which 1s the center of the
block BK11, the representative value V12 may be a com-
pensation value CV of a second central pixel CP2 located at
the coordinate (48, 16) which 1s the center of the block
BK12, the representative value V21 may be a compensation
value CV of a third central pixel CP3 located at the coor-
dinate (16, 48) which 1s the center of the block BK21, and
the representative value V22 may be a compensation value
CV of a fourth central pixel CP4 located at the coordinate
(48, 48) which 1s the center of the block BK22. For example,
the coordinates of the first, second, third, and fourth central
pixels CP1, CP2, CP3, and CP4 are expressed according to
an XY coordinate plane, which 1s defined an X-axis and a
Y-axis mn FIG. 8.

Referring to FIGS. 6 and 8, the compensation value
calculator 220 may calculate a compensation value corre-
sponding to each of pixels in the blocks BK11 to BK17,
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BK21 to BK27, BK31 to BK37, BK41 to BK47, and BK51
to BKS7 based on a stress map MP.

The compensation value calculator 220 may calculate a
compensation value CV corresponding to a pixel by means
of mterpolation calculation based on the representative
values V11, V12, V21, and V22 and distances between the
central pixels corresponding to the representative values
V11, V12, V21, and V22 and target pixels.

Calculating a compensation value of a pixel Pa (1.e., a
target pixel) imn the block BK12 will be described as an
example. A compensation value CV corresponding to the
pixel Pa in the block BK12 may be calculated based on the
representative value V12 of the block BK12 to which the
pixel Pa belongs, representative values V11, V21, and V22
of the blocks BK11, BK21, and BK22 adjacent to the block
BK12, and first, second, third, and fourth distances Dx1,
Dx2, Dy1, and Dy2 between the first, second, and fourth
central pixels CP1, CP2, and CP4 and the pixel Pa. For
example, the first distance Dx1 may be a diflerence between
the X-coordinate of the first central pixel CP1 (or the third
central pixel CP3) and the X-coordinate of the pixel Pa. The
second distance Dx2 may be a difference between the
X-coordinate of the second central pixel CP2 (or the fourth
central pixel CP4) and the X-coordinate of the pixel Pa. The
third distance Dyl may be a difference between the Y-co-
ordinate of the first central pixel CP1 (or the second central
pixel CP2) and the Y-coordinate of the pixel Pa. The fourth
distance Dy2 may be a diflerence between the Y-coordinate
of the third central pixel CP3 (or the fourth central pixel
CP2) and the Y-coordinate of the pixel Pa.

When the representative value V11 of the block BK11

corresponds to a high gray scale level and when the repre-
sentative value V12 of the block BK12 corresponds to a low
gray scale level, a compensation value CV of the pixel Pa in
the block BK12 may be determined according to the dis-
tance Dx1 between the first central pixel CP1 and the pixel
Pa (e.g., in the X-axis direction) and the distance Dx2
between the second central pixel CP2 and the pixel Pa (e.g.,
in the X-axis direction). For example, the compensation
values of pixels located between the first central pixel CP1

and the second central pixel CP2 may decrease as increasing
the distance Dx1 (i.e., as decreasing the distance Dx2).

FI1G. 9 1s a drawing 1llustrating an operation of calculating
compensation values for pixels in blocks BK11 and BK12 1n
a compensation value calculator 220.

Referring to FIGS. 8 and 9, it 1s assumed that all of pixels
in the block BK11 display a white gray scale image and that
all of pixels i the block BK12 display a black gray scale
image. It 1s assumed that the black gray scale level corre-
sponds to a gray scale level of 0 and that the white gray scale
level corresponds to a gray scale level of 255.

A representative value V11 of the block BK11 may be a
compensation value CV of a first central pixel CP1 located
at the coordinate (16, 16), and a representative value V12 of
the block BK12 may be a compensation value CV of a
second central pixel CP2 located at the coordinate (48, 16).
In an embodiment, 1t 1s assumed that the compensation value
CV of the first central pixel CP1 1s 2355 and that the
compensation value CV of the second central pixel CP2 1s
0.

A compensation value CV of a pixel Pb (i.e., a target
pixel) i the block BK12 adjacent to the block BK11 may be
determined by the representative value V11 of the block
BK11, the representative value V12 of the block BK12, and

a distance between pixels CP1 and CP2, on which the

10

15

20

25

30

35

40

45

50

55

60

65

14

representative values V11 and V12 are located, and the pixel
Pb. For example, the compensation value CV of the pixel Pb
may be 125.

Compensation values CV for pixels between the first
central pixel CP1 1n the block BK11 and the pixel Pb may
gradually decrease as moving from the central pixel CP1 to
the pixel Pb.

The compensation value calculator 220 may output 244 x
160 compensation values CV for 244x160 pixels using

representative values for blocks BK11, BK12, BK21, and
BK22 of blocks BK11 to BK17, BK21 to BK27, BK31 to
BK37, BK41 to BK47, and BK31 to BK57.

A compensator 230 of FIG. 6 may compensate for an
image signal RGB based on compensation values CV cor-
responding to pixels and may output an image data signal
DS.

As described above referring to FIG. 5, when a threshold
voltage Vth in pixels PX of a first region R1 which displays
an 1mage of black gray scale level 1s negatively shifted, an
alterimage phenomenon may occur. Therefore, the compen-
sator 230 may compensate for only an image signal RGB
which has a black gray scale level (e.g., the lowest gray scale
level) 1n the image signal RGB based on the compensation
values CV. For example, when a gray scale level of the
image signal RGB 1s less than or equal to a reference gray
scale level, the compensator 230 may compensate for the
image signal RGB based on the compensation values CV.
The reference gray scale level may be set to a low gray scale
level (e.g., a gray scale level of 20).

In an example shown 1n FIG. 9, the compensator 230 may
not compensate for the image signal RGB corresponding to
pixels in the block BK11 and may compensate for the image
signal RGB corresponding to pixels i the block BK12
based on the compensation value CV.

At this time, a compensation value CV of a pixel adjacent
to the block BK11 may be larger than a compensation value
CV of a pixel far away from the block BK11. For example,
as shown 1 FIG. 9, the compensation value CV of the pixel
Pb 1s 125, and the compensation value of the second central
pixel CP2 1s 0.

In other words, the compensator 230 may compensate for
the pixel Pb adjacent to the block BK11 which displays a
white gray scale image as the compensation value CV higher
than the second central pixel CP2. Therefore, the compen-
sator 230 may prevent the threshold voltage Vth of the first
transistor 11 1n the pixel Pb from being negatively shifted.

FIG. 10A 1illustrates an example of an 1mage IM2 dis-
played on a display device.

Referring to FIG. 10A, the image IM2 may include a first
region RA1 and a second region RA2. The first region RA1
may display a white color image. The second region RA2
may display a black color image. A boundary region BR may
be a region to which the first region RA1 and the second
region RA2 are adjacent. For example, first to M-th pixels
may be disposed 1n the second region RA2 adjacent to the
first region RA1. The first pixel may be located to be spaced
apart from the boundary region BR by the X-coordinate of
1. The M-th pixel may be located to be spaced apart from the
boundary region BR by the X-coordinate of M. Herein, M 1s
a natural number, which may vary with a characteristic of
the 1mage IM2.

FIGS. 10B and 10C are drawings illustrating an image
data signal DS corresponding to a boundary region BR of the
image IM2 shown in FIG. 10A. In FIGS. 10B and 10C, the
horizontal axis indicates the X-coordinate of the pixel in a
first direction DR1 (refer to FIG. 1), and the vertical axis
indicates the gray scale level of the image data signal DS.
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FIG. 10B shows the image data signal DS output from an
image processor 112, when the image processor 112 does not
perform a compensation operation.

The 1mage data signal DS to be provided to pixels
corresponding to a first region RA1 1n a boundary region BR
may have a white gray scale level (e.g., a gray scale level of
253). The image data signal DS to be provided to pixels
corresponding to a second region RA2 in the boundary
region BR may have a black gray scale level (e.g., a gray
scale level of 0). For example, the image data signal DS at
the X-coordinate of 4 1n FIG. 10B may be applied to the first
pixel in FIG. 10A. For example, the image data signal DS at
the X-coordinate of 20 1n FIG. 10B may be applied to the
M-th pixel in FIG. 10A.

FIG. 10C shows the image data signal DS output from the
image processor 112, when the image processor 112 per-
forms a compensation operation.

The 1mage processor 112 may provide the image data
signal DS having the white gray scale level (e.g., the gray
scale level of 255) to each of pixels PX corresponding to the
first region RA1 in the boundary region BR. The image
processor 112 may provide the image data signal DS which
1s gradually lowered from a gray scale level (e.g., a gray
scale level of 5) higher than a black gray scale level to each
of the first to M-th pixels adjacent to the first region RA1 1n
the second region RA2 of the boundary region BR. In other
words, compensation values CV respectively corresponding
to the first to M-th pixels disposed on the second region RA2
in the boundary region BR may gradually increase as
moving close to the first region RA1 from the second region
RAZ2. For example, the image data signal DS at the X-co-
ordinate of 4 1 FIG. 10C may be applied to the first pixel
in FIG. 10A. For example, the image data signal DS at the
X-coordinate of 20 in FIG. 10C may be applied to the M-th
pixel 1n FIG. 10A.

The 1mage processor 112 may provide the image data
signal DS having a black gray scale level (e.g., the gray scale
level of 0) an (M+1)-th pixel among pixels corresponding to
the second region RA2. For example, the (M+1)-th pixel
may be spaced apart from the first region RA1 by the
X-coordinate of (M+1). For example, the image data signal
DS at the X-coordinate of 21 1n FIG. 10C may be applied to
the (M+1)-th pixel in FIG. 10A.

As described 1n FIG. 3, a threshold voltage Vth of a first
transistor T1 of a pixel in the second region RA2 adjacent to
the first region RA1 which displays a white gray scale image
may be negatively shifted. Therefore, by providing a data
signal D1 of a gray scale level higher than the black gray
scale level to each of first to M-th pixels adjacent to the first
region RA1 1 the second region RA2 of the boundary
region BR, the image processor 112 may compensate for the
negative shifting of the threshold voltage Vth of the first
transistor T1.

Furthermore, by providing the image data signal DS
gradually lowered from a gray scale level (e.g., a gray scale
level of 5) higher than a black gray scale level to each of first
to M-th pixels adjacent to the first region RA1 1n the second
region RA2 of the boundary region BR, the image processor
112 may prevent a user from recogmzing a luminance
change 1n a boundary region between the first region RA1
and the second region RA2. For example, the image data
signal DS (e.g., the gray scale level of 5) at the X-coordinate
of 4 1n FIG. 10C may be applied to the first pixel in FIG.
10A. For example, the image data signal DS (e.g., a gray
scale level of 1) at the X-coordinate of 20 1n FIG. 10C may
be applied to the M-th pixel in FIG. 10A. For example, the
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image data signal DS (e.g., the gray scale level of 0) at the
X-coordimate of 21 1 FIG. 10C may be applied to the
(M+1)-th pixel in FIG. 10A

FIG. 11 1s a drawing illustrating an 1image displayed on a
display device and changes 1n threshold voltages of pixels.

On a graph shown 1n FIG. 11, the horizontal axis indicates
the X-coordinate of the pixel 1n a first direction DR1 (refer
to FIG. 1) and the vertical axis indicates the threshold
voltage Vth of the pixel.

An 1mage IM1 of FIG. 11 may be the same as an image
IM1 shown in FIG. 5. A second region R2 of the image IM1
may be 1n the form of a rectangle, and the first region R1
may be in the form of surrounding the second region R2. The
first region R1 may display a black color image. The second
region R2 may display a white color image. However,
embodiments are not limited thereto. For example, the shape
of the second region R2 of the image IM1 are varied.

A third curve C3 indicates a change 1n threshold voltage
Vth of a first transistor T1 1n pixels PX at a time when the
image IM1 starts to be displayed on the display device DD.

A fourth curve C4 indicates a change 1n threshold voltage
Vth of the first transistor T1 1n the pixels PX when a certain
time (e.g., 30 hours) elapses after the image IM1 1s displayed
on the display device DD. For example, like the second
curve C4, the threshold voltage Vth of the first transistor T1
in the pixels PX of the second region R2 may be increased
by about 20 mV. For example, the threshold voltage Vth of
the first transistor T1 may be positively shifted by about 20
mV by applying the positive bias to the first transistor T1.
For example, like the second curve C3, the threshold voltage
Vth of the first transistor T1 1n the pixels PX adjacent to the
second region R2 in the first region R1 may not be
decreased.

An 1mmage processor 112 of FIG. 6 may provide a data
driving circuit 200 of FIG. 1 with an image data signal DS
obtained by compensating for an 1mage signal RGB using a
compensation value CV. Thus, although the image IM1 1is
displayed for a long time on the display device DD, the
image processor 112 may minimize the negative shifting of
the threshold voltage Vth of the first transistor T1 in pixels
PX of the first region R1.

FIG. 12 illustrates an example of an image IM3 displayed
on a display device. FIG. 13 1s a drawing 1illustrating an

operation of a stress map generator 210 for the image IM3
shown 1 FIG. 12.

Referring to FIGS. 12 and 13, a display device DD (refer
to FIG. 1) may include a first region RB1 and a second
region RB2. The second region RB2 may be 1n the form of
a rectangle, and the first region RB1 may be 1n the form of
surrounding the second region RB2. The second region RB2
may display a blue color image. The first region RB1 may
display a black color image.

For example, the first region RB1 may correspond to
blocks BK11 to BK17, BK21, BK22, BK26, BK27, BK31,

BK32, BK36, BK37, BK41, BK42, BK46, BK47, and BK51
to BKS7. The second region RB2 may correspond to BK23
to BK235, BK33 to BK35, and BK43 to BK45.

An 1mage signal of pixels adjacent to the second region
RB2 among pixels of the first region RB1 may be compen-
sated by the scheme described in FIGS. 7 to 9. Therefore, it
may be prevented that a threshold voltage of transistors in
pixels of the second region RB2 is negatively shifted.

FIG. 14 1s a drawing 1illustrating the pixel Pd of FI1G. 13.

Referring to FIG. 14, a pixel Pd may include a red
subpixel P-R for emitting red color light, a green subpixel
P-G for emitting green color light, and a blue subpixel P-B
for emitting blue color light. An example in which the pixel
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Pd includes the red subpixel P-R, the green subpixels P-G,
and the blue subpixel P-B 1s described in FIG. 14, but
embodiments are not limited thereto. The color of a pixel
may be changed in various manners.

In the description of FIGS. 1 to 12, a pixel PX i1s not
limited to a specific color, and the red subpixel P-R, the
green subpixels P-G, and the blue subpixel P-B are collec-
tively referred to as the pixel PX.

Each of the red subpixel P-R, the green subpixels P-G,
and the blue subpixel P-B of FIG. 14 may include the same
circuit configuration as a pixel PXiy of FIG. 3.

When a second region RB2 displays a blue color image,
the blue subpixel P-B 1n the second region RB2 may receive
a data signal D1 (refer to FIG. 3) corresponding to a
maximum gray scale level (e.g., a gray scale level of 255),
and each of the red subpixel P-R and the green subpixel P-G
may receive a data signal D1 corresponding to a minimum
gray scale level (e.g., a gray scale level of 0). Therelore,
threshold voltages of first transistors 1n the red subpixel P-R
and the green subpixel P-G 1n the second region RB2 may
be negatively shifted.

In an example shown 1n FIG. 13, a representative value of
each of blocks BK23 to BK25, BK33 to BK35, and BK43
to BK45 may be an arnithmetic mean, e.g., (0+0+255)/3=85,
of a gray scale level (a gray scale level of 0) corresponding
to the red subpixel P-R, a gray scale level (a gray scale level
of 0) corresponding to the green subpixel P-G, and a gray
scale level (a gray scale level of 253) corresponding to the
blue subpixel P-B.

Because the representative values of the blocks BK23 to
BK25, BK33 to BK35, and BK43 to BK45 are the same as
cach other, compensation values CV of pixels 1n the blocks
BK23 to BK25, BK33 to BK35, and BK43 to BK45 may be
the same as the representative value, e.g., 83.

A compensation value calculator 220 of an 1mage pro-
cessor 112 of FIG. 6 may output a compensation value CV
corresponding to each of the red subpixel P-R and the green
sub-pixel P-G 1n the second region RB2.

Because gray scale levels corresponding to the red sub-
pixel P-R and the green subpixel P-G in the blocks BK23 to

BK25, BK33 to BK35, and BK43 to BK45 are less than or

equal to a reference gray scale level, a compensator 230 may
output an 1mage data signal DS obtained by compensating
for an 1mage signal RGB corresponding to the red subpixel
P-R and the green subpixel P-G in the second region RB2
based on the compensation value CV.

In other words, the image signal RGB corresponding to
the red subpixel P-R and the green subpixel P-G in the
blocks BK23 to BK25, BK33 to BK35, and BK43 to BK45
may be compensated based on the compensation value CV
(c.g., 83).

Because the image signal RGB corresponding to the blue
subpixel P-B 1n the blocks BK23 to BK25, BK33 to BK35,
and BK43 to BK4S has a gray scale level higher than the
reference gray scale level, image processor 112 may output
the 1mage signal RGB as an 1mage data signal DS without
compensation.

As a result, image processor 112 may minimize the
negative shifting of the threshold voltages of transistors in
the red subpixel P-R and the green subpixel P-G in the
second region RB2.

The display device having such a configuration may
provide a pixel with a data signal capable of compensating,
for a change 1n characteristic of a pixel 1n a boundary region
between 1mage regions, each of which has a different gray
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scale level. Thus, the display device may prevent display
quality from being degraded inn the boundary region
between the 1mage regions.

Although certain embodiments and implementations have
been described herein, other embodiments and modifications
will be apparent from this description. Accordingly, the
inventive concepts are not limited to such embodiments, but
rather to the broader scope of the appended claims and
various obvious modifications and equivalent arrangements
as would be apparent to a person of ordinary skill 1in the art.

What 1s claimed 1s:

1. A display device, comprising:

a display panel comprising a plurality of pixels; and

a driving circuit configured to receive an image signal and
provide a data signal to the plurality of pixels such that
an 1mage 1s displayed on the display panel,

wherein:

the driving circuit comprises:

a stress map generator configured to divide the image
signal into a plurality of blocks and generate a stress
map having a representative value of each of the
plurality of blocks;

a compensation value calculator configured to calculate
a compensation value corresponding to each of the
plurality of pixels based on the stress map; and

a compensator configured to output the data signal
obtained by compensating the image signal based on

the compensation value when a gray scale level of
the 1mage signal 1s less than or equal to a reference
gray scale level;

the plurality of pixels comprise first color subpixels,
second color subpixels, and third color subpixels, and

a compensation value corresponding to each of the first
color subpixels, the second color subpixels, and the
third color subpixels 1s set to a representative value of
a first block among the plurality of blocks, when the
image signal corresponding to each of the first color
subpixels 1n the first block corresponds to a maximum
gray scale level and when the 1mage signal correspond-
ing to each of the second color subpixels and the third
color subpixels in the first block corresponds to a
minimum gray scale level.

2. The display device of claim 1, wherein the stress map
has a first representative value of a first block among the
plurality of blocks and a second representative value of a
second block adjacent to the first block, and

wherein the compensation value of a target pixel in the
second block 1s calculated by interpolation calculation
using the first representative value and the second
representative value.

3. The display device of claim 2, wherein the first repre-
sentative value of the first block 1s a compensation value of
a 1irst central pixel located at a center of the first block, and

wherein the second representative value of the second
block 1s a compensation value of a second central pixel
located at a center of the second block.

4. The display device of claim 3, wherein a compensation
value of the target pixel 1s calculated by the first represen-
tative value, the second representative value, a distance
between the first central pixel and the target pixel, and a
distance between the second central pixel and the first
central pixel.

5. The display device of claim 3, wherein a compensation
value of each of pixels between the first central pixel and the
second central pixel gradually decreases as moving from the
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second central pixel from the first central pixel, when the
first representative value 1s greater than the second repre-
sentative value.

6. The display device of claim 1, wherein the stress map
generator 1s configured to generate the stress map having a
first representative value of a first block among the plurality
of blocks and a second representative value of a second
block adjacent to the first block, and

wherein the compensation value calculator 1s configured
to calculate the compensation value of a target pixel in
the second block by interpolation calculation using the
first representative value and the second representative
value.

7. The display device of claim 1, wherein the compensator
1s configured to compensate for the image signal corre-
sponding to each of the third color subpixels as the com-
pensation value.

8. The display device of claam 1, wherein each of the
plurality of blocks corresponds to AxB pixels, where each of
A and B 1s a natural number.

9. The display device of claim 8, wherein the represen-
tative value of each of the plurality of blocks 1s an arithmetic
mean of 1mage signals corresponding to the AxB pixels.

10. The display device of claim 1, wherein each of the
plurality of pixels comprises:

a first transistor comprising a first electrode for receiving

a first driving voltage, a second electrode, and a gate
electrode;

a light emitting diode comprising a first electrode elec-
trically connected to the second electrode of the first
transistor and a second electrode for recerving a second
driving voltage;

a second transistor comprising a first electrode for receiv-
ing the data signal, a second electrode electrically
connected to the gate electrode of the first transistor,
and a gate electrode for receiving a first scan signal;

a third transistor comprising a first electrode for receiving
an 1nitialization voltage, a second electrode electrically
connected to the second electrode of the first transistor,
and a gate electrode for receiving a second scan signal;
and

a capacitor connected between the gate electrode of the
first transistor and the second electrode of the first
transistor.

11. The display device of claim 10, wherein the compen-
sation value 1s set to a value for compensating for a change
in threshold voltage of the first transistor.

12. The display device of claim 11, wherein the driving
circuit comprises:

a data driving circuit configured to drive a plurality of data

lines connected to the plurality of pixels;

a scan driving circuit configured to drive a plurality of
scan lines connected to the plurality of pixels; and

a driving controller configured to receive a control signal
and the 1mage signal and control the data driving circuit
and the scan driving circuit.

13. A display device, comprising;

a display panel comprising a plurality of pixels; and

a driving circuit configured to receive an 1image signal and
provide a data signal to the plurality of pixels such that
an 1mage 1s displayed on the display panel,

wherein:

cach of the plurality of pixels comprises a light emitting
diode and at least one transistor for supplying current
corresponding to the data signal to the light emitting
diode:

wherein the driving circuit comprises:
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a stress map generator configured to divide the image
signal into a plurality of blocks and generate a stress
map having a representative value of each of the
plurality of blocks;

a compensation value calculator configured to calculate
a compensation value corresponding to each of the
plurality of pixels based on the stress map; and

a compensator configured to output the data signal
obtained by compensating the image signal such that
a change 1n threshold voltage of the at least one
transistor 1s compensated based on the compensation
value, when a gray scale level of the image signal 1s
less than or equal to a reference gray scale level;

the plurality of pixels comprise first color subpixels,
second color subpixels, and third color subpixels, and

a compensation value corresponding to each of the first
color subpixels, the second color subpixels, and the
third color subpixels 1s set to a representative value of
a first block among the plurality of blocks, when the
image signal corresponding to each of the first color
subpixels 1n the first block corresponds to a maximum
gray scale level and when the 1image signal correspond-
ing to each of the second color subpixels and the third
color subpixels 1 the first block corresponds to a
minimum gray scale level.

14. The display device of claim 13, wherein the stress map
has a first representative value of a first block among the
plurality of blocks and a second representative value of a
second block adjacent to the first block, and

wherein the compensation value of a target pixel in the
second block 1s calculated by interpolation calculation
using the first representative value and the second
representative value.

15. The display device of claim 14, wherein the first
representative value of the first block 1s a compensation
value of a first central pixel located at a center of the first
block, and

wherein the second representative value of the second
block 1s a compensation value of a second central pixel
located at a center of the second block.

16. The display device of claim 15, wherein a compen-
sation value of the target pixel i1s calculated by the first
representative value, the second representative value, a
distance between the first central pixel and the target pixel,
and a distance between the second central pixel and the first
central pixel.

17. The display device of claim 16, wherein each of the
plurality of pixels comprises:

a {irst transistor comprising a first electrode for receiving

a first driving voltage, a second electrode, and a gate

electrode:

a light emitting diode comprising a first electrode elec-
trically connected to the second electrode of the first
transistor and a second electrode for receiving a second
driving voltage;

a second transistor comprising a first electrode for receirv-
ing the data signal, a second electrode electrically
connected to the gate electrode of the first transistor,
and a gate electrode for receiving a first scan signal;

a third transistor comprising a {irst electrode for receiving
an 1nitialization voltage, a second electrode electrically
connected to the second electrode of the first transistor,
and a gate electrode for receiving a second scan signal;
and

a capacitor connected between the gate electrode and the
second electrode of the first transistor.



US 11,842,675 B2
21

18. The display device of claim 17, wherein the compen-
sator 1s configured to output the data signal obtained by
compensating the image signal such that a change in the
threshold voltage of the at least one transistor 1s compen-
sated based on the compensation value, when the gray scale 5
level of the image signal 1s less than or equal to the reference
gray scale level.

19. The display device of claim 13, wherein each of the
plurality of blocks corresponds to AxB pixels, where each of
A and B 1s a natural number. 10

20. The display device of claim 13, wherein the compen-
sator 1s configured to compensate for the image signal
corresponding to each of the third color subpixels as the
compensation value.
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